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1.1. Introduction 
This study, aims at providing a better understanding of the relation between the 
different climatic variables and the occurrence and spread of Peste des Petits 
Ruminants (PPR) among susceptible Sudanese goats and sheep. This is achieved 
by applying the geographical information systems (GIS) software, to study and 
analyze the disease occurrence and using the free available satellite images for the 
vegetation cover, the rainfall and the earth temperature. 
In addition, a mathematic deterministic model was applied to study the dynamics 
of the disease among the susceptible population.  Epidemic process is a broad class 
of conceptual and numerical models that are used to characterize the spread of a 
condition through a population. The model describes four discrete states of an 
epidemic: Susceptible, Exposed, Infectious and Recovered (SEIR), (McKenna, 
2000). For diseases confirming long –lasting immunity following infection, the 
number of susceptible decrease with time (Trottier, 2001). 
 Following the first description of (PPR) in Cote d'Ivoire in West Africa in 1942, 
many parts in West Africa, gradually realized that many clinically similar diseases 
sharing the same causes were occurring. For long time it was believed to be 
restricted to that part of Africa, until 1973 when it was confirmed in goats in Sudan 
(Taylor et at., 1984). 
The disease is highly contagious and infectious, which is fast in spreading among 
susceptible host. It is caused by a paramyxovirus of the Morbillivirus genus.  
The introduction of PPR into a flock may be associated with the change in weather 
such as the onset of the rainy season (hot and humid) or dry, cold periods, contact 
with trade or nomadic animals through shared grazing, water and/or housing. 
In Sudan the outbreaks of PPR disease occurred all around the year, with a peak 
increase affected by the environmental variables. Intisar (2002), found PPR during 
the cold and rainy seasons, the reasons as stated by her, may be the stress due to 
change of weather.  Awad El Karim et al. (1994) suggested that, the change in the 
humidity and ambient temperature might have contributed to the maintenance of 
the infection. 
For better understanding of this factor, in this study we did try to find out a 
correlation between the environmental variables and the occurrence of the disease.   
 
 
 
 
 
 
 
1.2. Objectives of the study 
This study was conducted basically on requirements for a PhD degree. The Study 
was mainly directed towards understanding PPR disease transmission and 
spreading in Sudan, through application of new technologies.  
The study was directed to achieve the following objectives: 
1- Application of new technology to, study the relation between PPR disease 
occurrence, and the environmental variables by using the geographical Information 
System (GIS) technique and Remote Sensed (RS) images as a source of data. 
2- To explore the extent to which geostatistical modeling of the space-time 
pattern of disease occurrence can help in early characterization and control of the 
disease and in quantifying the effect of changing environmental parameters. 
3- Understanding the dynamic pattern of the disease transmissions and 
spreading among the susceptible group by using mathematical model.  
4- To find out the optimal time and population for vaccinating small ruminants    
in the Sudan.  
 
Abstract: 
 
To study the effect of the environmental variables to the epidemiology of PPR, and 
for better understand of the pattern of the disease in the Sudan; Geographical 
Information Systems (GIS) software, Remote Sensing (RS) images and 
mathematical modeling techniques were used in the analysis. 
The goats herd structure in the Sudan, the maternal immunity of the goats kids 
were detected for kids under age 8 months, and the database about the disease 
outbreaks during the years 2000 to 2007 were collected and analyzed with 
environmental variables. The analysis showed that, 62.4% of tested kids showed 
maternal antibodies up to the age of four months, which declined to 23.4 % and     
8 % in the fifth  and sixth months respectively.  
The incidence of the disease in the Sudan, as has been recorded during the last 8 
years was 22%, with 14 % mortality among the infected herds.  
The presence of the disease in the country observed all around the year, but 
reached it is peak during December to April (63.8% of the outbreaks) and the 
lowest level found during September to November (8.5%). Most of the outbreaks 
occurred in the poor vegetation cover in the grazing areas, although, there is no 
strong relation between the incidence and the population density of small ruminant 
in the Sudan. 42.5 % of the outbreaks reported in the country during the study 
period, were from Al Gedarif and Kassala States together, while not a single 
outbreak  reported from Red Sea, West and South Darfour,  and all the Southern  
Sudan States with exception West Baher El gahzal and Baher El Jeble States.  
A strong negative relation between the outbreaks  and the average mean of the 
monthly rainfall, 67.1% found when there is no rain, while 15.4 %, 10.1 %  and 
7.4% occurred where and when the rainfall is <100 mm, 100 – 200 mm and >200 
mm respectively.  
The mathematical models used to detect two patterns of the disease spreading, 
when an infected animal introduced into a naive herd the infection spread quickly 
and within 10 days 70% of the herd becomes infected, the disease becomes 
endemic within 20 days. Only 0.182 % of the herd will be infected, when an 
infected animal enter a herd that at least 30% of the young kids under 4 months 
had maternal immunity, and 40% of the kids in the age > 4 months and < 24 
months had been vaccinated. The disease reached the peak after a week from the 
infection and decreased after 12 days, and dye out after a month.        
 
 
 
 
2. Literature Review  
2.1. Geographical Information Systems (GIS) and Remote Sensing (RS), tools 
for analyzing the disease  
2.1.1. Introduction 
Geographic Information Systems (GIS) and remote sensing (RS) technologies are 
used increasingly to study the spatial and temporal patterns of disease ( Rinaldi et 
al., 2005; Cringoli et al., 2005). GIS can be used to complement conventional 
ecological monitoring and modeling techniques, and provides means to portray 
complex relationships in the ecology of disease (Rinaldi et al., 2004). In addition, 
the use of GIS and RS to identify environmental features allows determination of 
risk factors and delimitation of areas at risk, permitting more rational allocation of 
resources for cost-effective control (Ferguson et al., 2001). 
2.1.2. Landscape epidemiology 
This involves the identification of geographical areas where disease is transmitted 
in addition holistic approach involves the interactions and associations between 
elements of the physical and cultural environments. This was first expressed by the 
Russian epidemiologist Pavlovsky (1966), the theory behind landscape 
epidemiology is that by knowing the vegetation and geologic conditions necessary 
for the maintenance of specific pathogens in nature one can use the landscape to 
identify the spatial and temporal distribution of disease risk. Key environmental 
elements, including elevation, temperature, rainfall, and humidity, influence the 
presence, development, activity and longevity of pathogens, vectors, zoonotic 
reservoirs of infection and their interactions with the host (Gesler and Meade, 
1988).  
Vegetation type and distribution are also influenced by the environmental variables 
mentioned above, and can be expressed as landscape elements that can be sensed 
remotely and whose relationships can be modeled spatially (Agustín et al., 1998 & 
Richard et al., 2005). For the past 40 years, aerospace-based technologies have 
proved to be valuable tools for describing the earth's landscape. Since the launch of 
ERTS-1 in 1972, NASA has initiated programs to integrate these technologies into 
the areas of forestry, agriculture, geology, and public health. Within a decade of 
that initial launch, operational programs had been developed in all areas-except 
public health; and this is because priorities within the public health community 
were focused on vaccine development, therapies, and the continuation of 
traditional ground-based surveillance and control methods (Washino et al., 1993). 
Within two decades of the launch, however, health agencies began to re-evaluate 
other approaches in the face of worsening health conditions around the world. 
Simultaneous with this change have been significant advances in computer 
processing, improvements in data acquisition (i.e., additional RS sensors with 
higher spatial, spectral and temporal resolution), reduced hardware/software costs, 
and the development of computer-based GIS technology; all these factors have led 
parts of the public health community to question their earlier reservations 
regarding the utility of aerospace-based technologies (Rogers and Randolph, 1991). 
To better apply these technologies and satellite-sensor capabilities the Center for 
Health Applications of Aerospace Related Technologies (CHAART) has 
developed a set of web pages to evaluate sensors for health applications.  
The use of GIS has many implications for landscape epidemiology because it 
provides to users the ability to store, integrate, query, display, and analyze data 
from the molecular level to that of satellite resolution through their shared spatial 
components. Field observations on environmental conditions, including vegetation, 
water, and topography, can be combined in a GIS to direct interpretation of RS 
data and facilitate characterization of the landscape in terms of host and pathogen 
prevalence. The associations between disease risk variables as (pathogen, and 
reservoir host abundance and distribution), and environmental variables can be 
quantified using the spatial analysis capabilities of the GIS. Landscape pattern 
analysis, combined with statistical analysis, allows us to define landscape 
predictors of disease risk that can be applied in larger regions where field data are 
unavailable. This makes RS/GIS a powerful set of tools for disease surveillance, 
predicting potential disease outbreaks, and targeting intervention programs.  
2.1.3. Application of GIS and RS for disease control 
Previous research involving RS data to study diseases has focused on identifying 
and mapping vector habitats, or assessing environmental factors related to vector 
habitat quality (Barnes and Cibola, 1979;  Wagner  et al., 1979; Cross et al., 1984; 
Hayes et al., 1985; Linthicum et al., 1987, 1999; Welch et al., 1989; Rogers and 
Randolph, 1991; Hugh-Jones et al., 1992; Pope et al., 1992). Recent studies have 
begun investigating the application of RS and spatial analysis techniques to 
identify and map landscape elements that collectively define vector and human 
population dynamics related to disease transmission risk (Daniel and Kolar, 1990; 
Glass et al., 1992; Wood et al., 1992a, 1992b, 1993; Dister et al., 1993, 1997; 
Beck et al., 1994, 1997, 2000). At the country or continental scale, imagery from 
meteorological satellites has been used to relate the temporal patterns and 
variations in rainfall and vegetation green-up. Much of this was trypanosomiasis 
work using the Advance Very High Resolution Radiometer (AVHRR) data 
acquired over Africa (Rogers, 1993; Rogers and Randolph, 1991, 1993,; Hay et al., 
1996).  
Epidemiologists have traditionally used maps when analyzing associations 
between location, environment, and disease (Rogers et al., 1996). GIS has been 
used in the surveillance and monitoring of vector-borne diseases, water-borne 
diseases, in environmental health, analysis of disease policy and planning health 
situation in an area, generation and analysis of research hypotheses, identification 
of high-risk health groups, planning and programming of activities, and monitoring 
and evaluation of interventions Rogers and Randolph (1991 & 1993). GIS enabled 
researchers to locate high prevalence areas and populations at risk, identify areas in 
need of resources, and make decisions on resource allocation.  
2.2. Mathematical modeling for management of the disease 
2.2.1. Introduction 
Ellner and Guckenheimer (2006) stated that, dynamic models are simplified 
representations of some real-world entity, in equations or computer code, that are 
intended to mimic some essential features of the study system while leaving out 
inessentials. The models are called dynamic because they describe how system 
properties change over time as a gene’s expression level. 
In understanding risk and controlling disease, it is important to know the 
distribution of the disease in the environment, both spatially and temporally. 
Byung (2005) stated that, modeling of epidemics has a long history in the field of 
the epidemiology of infectious diseases. It has been developed since 19th century, 
and has been used to make decisions to control many infectious diseases like 
malaria, AIDS, measles (Grenfell et al., 2002). SARS, and influenza in human, and 
FMD (Keeling et al., 2001; Kobayashi et al., 2007; and Grenfell, 2001), Tick and 
Tick Borne Diseases, Blue tongue,  Rift valley fever and Rinderpest in animals. 
Mathematical models have become invaluable management tools for 
epidemiologists, both shedding light on the mechanisms underlying observed 
dynamics as well as making quantitative predictions on the effectiveness of 
different control measures (Helen et al., 2005).  
Determining patterns of disease within these hot spots could provide greater 
insights into the disease dynamics. For example, identifying biologically relevant 
scales at which to map environmental distributions of disease may be useful to 
those involved in developing disease control and/or eradication strategies.  
2.2.4. Infectious diseases dynamics 
It is important to understand how epidemics set up in a population. The potential of 
infection in a population depends on the basic Reproduction number (Ro) that is 
defined as the average number of susceptible host directly infected by an infectious 
case during its entire infectious period when it enters a totally susceptible 
population (Giesecke, 1994). The development and size of an epidemic are 
determined by Ro that relies on: 
• The attack rate (risk of transmission per contact),  
• The number of potentially infectious contacts that is the average susceptible  
in a population has per unit time,  
• The duration of the infectivity period, (Giesecke, 1994). 
The SEIR model includes four compartments represented by the Susceptible, 
Exposed [infected], Infectious, and Recovered [immunized] (McKenna, 2000). 
Those in the susceptible population to which the disease is transmitted become 
exposed and after a period of time, the incubation time, these individuals become 
infectious. Individual remain infectious for a period of time, the infectious period, 
and then these individuals recover (Taylor, 1984). 
 Most models of infectious disease processes used until now are deterministic 
because they require less data, are relatively easy to set up, and because the 
computer software are widely available and user-friendly. The dynamics of the 
SEIR model are now well understood so that deterministic models are commonly 
used to explore whether a particular control strategy will be effective. For diseases 
conferring long-lasting immunity following infection as PPR, the numbers of 
susceptible are decrease with time.   
 
 
 
2.2.5. Dynamic models  
Dynamic simulation models have been used as tools to support geographical 
distribution of PPR according to Ballas et al. (2005). Examples include micro-
simulation (MS) models (Holm et al., 2000) and agent-based models (Gimblett et 
al., 2002) which usually represent space as continuous and cellular automata (CA) 
(Sirakoulis et al., 2000; Situngkir, 2004) were represent space as discrete. 
Within epidemiological studies, much data, particularly on number of cases, are 
acquired at health facilities (e.g., hospitals, clinics, dispensaries, laboratories). 
Such data are often acquired without reference to geographical coordinates, and 
even where they are, disclosure and confidentiality, restrictions prevent their full 
use. The geographical reference for a health facility is not a point (x, y), but a 
catchments defined using some two-dimensional function (Atkinson and Yang,  
2005). 
2.3. Peste des Petits Ruminants (PPR) 
2.3.1 The disease  
PPR is a disease of increasing importance in Africa and Asia wherever small 
ruminants form an important component of agricultural food production (Roder 
and 0bi, 1999). The disease is a highly contagious, infectious; sever fast spreading 
and fatal viral disease of domestic and wild small ruminants (Roder and 0bi, 1999, 
Akerejola et al., 1979). It is also known as pseudorinderpest of small ruminants, 
pest of small ruminants, pest of sheep and goats, Kata, stomatitis-pneumoenteritis 
syndrome, contagious pustular stomatitis, and pneumoenteritis complex ( Scott, 
1981; Alillo et al., 1998; ). The disease described as a rinderpest-like contagion of 
goats and sheep characterized by erosive stomatitis, enteritis and pneumonia 
(DEFRA, 2005). 
2.3.2. Causative Agent 
Is a virus that belongs to morbillivirus genus of the paramyxovirus family (Gibbs 
et al., 1979; Losos, 1986; Roeder & Obi, 1999). Murphy et al. (1995) stated that, 
morbilliviruses, which are highly contagious pathogens; cause some of the most 
devastating viral diseases of humans and animals worldwide including measles 
virus (MV), canine distemper virus (CDV), rinderpest virus (RPV), and peste des 
petits ruminants’ virus (PPRV). Phocid distemper virus (PDV) in seals and the 
cetacean morbillivirus (CMV) have been found in dolphins, whales and porpoises 
(Domingo et al., 1990; McCullough et al., 1991).  
2.3.4. Physico-chemical properties 
The half – life of paramyxovirus at 37°C is approximately 2-3 hours, the virus is 
inactivated at 56°C within 15 minutes and with half- life 27 seconds, and PPRV 
might lose its infectivity at 50°C within 30 minutes (Lefevre, 1982). The same 
author mentioned that, the PPRV recovered from lymph nodes of carcasses held 
for 8 days at 4°C. The virus might survive for long periods in chilled and frozen 
tissues (Anderson,1994). Morbilliviruses are slowly inactivated by visible light 
(Appel et al.,1981).    
2.3.4. Clinical symptoms 
Clinical signs of PPR have been well documented by ( Hamdy & Dardiri,  1976; 
Obi, 1984; Lefèvre, 1987; Taylor, 1984; Bundza et al., 1988; Roeder et al., 1994; 
Roeder & Obi, 1999). Following infection there is a 3–4 day incubation period 
during which the virus replicates in the draining lymph nodes of the oro-pharynx 
before spreading via the blood and lymph to other tissues and organs including the 
lungs causing a primary viral pneumonia. The predominant form of the disease is 
the acute form. The salient clinical signs start with sudden rise in body temperature 
to 39.5 - 41°C. Affected animals breathe fast, sometimes so fast that they exhibit 
rocking movements with both the chest and abdominal walls moving as the animal 
breathes. Severely affected cases show difficult and noisy breathing marked by 
extension of the head and neck, dilation of the nostrils, protrusion of the tongue 
and soft painful coughs. A clear watery discharge starts to issue from the eyes, 
nose and mouth, later becoming thick and yellow because of secondary bacterial 
infection. Appearance of a serous to mucopurulent nasal discharge which may 
crust over and occlude the nostril, sneezing, ocular discharge resulting in matting 
of the eyelids (Brown et al., 1991; Bundza et al., 1988). 
 
2.3.5. Epidemiology of the disease 
Introduction of PPR into a flock may be associated with any of the following: 
• History of recent movement or gathering together of sheep and/or goats of 
different ages with or without associated changes in housing and feeding; 
• Introduction of recently purchased animals; contact in a closed/village flock with 
sheep and/or goats that had been sent to the market but returned unsold; 
• Change in weather such as the onset of the rainy season (hot and humid) or dry, 
cold periods, contact with trade or nomadic animals through shared grazing, water 
and/or housing; 
• Change in husbandry (e.g. towards increased intensification) and trading practices, 
Roeder & Obi (1999). 
2.3.5.1. Host Range 
Lefèvre & Diallo (1990), stated that, primarily until recently, the known natural 
hosts restricted to sheep and goats, but goats are more susceptible to infection. PPR 
virus exhibits different levels of virulence between sheep and goats. Although 
infected, sheep rarely suffer clinical disease (El Hag Ali and Taylor, 1984; Roeder 
et al., 1994). 
There is one report of naturally occurring PPR in captive wild ungulates from three 
families: Gazellinae (dorcas gazelle), Caprinae (Nubian ibex and Laristan sheep), 
and Hippotraginae (gemsbok). Experimentally, the American white-tailed deer 
(Odocoileus virginianus) is fully susceptible. The role of wildlife on the 
epizootiology of PPR in Africa should be investigated, (Roeder & Obi 1999). 
Cattle and pigs are susceptible to infection with PPRV, but they do not exhibit 
clinical signs. Cattle and pigs do not play a role in the epizootidogy of PPR 
because they are apparently unable to transmit the disease to other animals (Roeder 
&Obi 1999). 
Breed may affect the outcome of PPRV, infection and its epidemiology; the 
Guinean breeds (West African dwarf, Iogoon, kindi and Djallonke), known to be 
highly susceptible (Lefèvre & Diallo, 1990). In West Africa the acute form of the 
disease observed in WAD goats while WALL breed developed only mild form 
(Diop et al., 2005). 
Infection rates in sheep and goats rise with age, and the disease, which varies in 
severity, is rapidly fatal in young animals (Lefevre & Diallo, 1990;Wosu. 1992; 
Özkul et al., 2002). In India and the Middle East both goats and sheep are affected 
with equally devastating consequences (Shaila et al., 1989). Although (Singh et al., 
2004) suggested that, goats may be more susceptible to infection with PPRV. 
In 2002 antibodies were detected in 14 out of 100 camel sera in Eastern Sudan and 
Khartoum (Haraun, et al., 2002).  In Ethiopia, camels were infected by the virus 
but without showing clear disease (Abraham, et at. 2005). Roger et al. (2001) 
mentioned that 4.2% of healthy slaughtered camels were positive for PPR 
antibodies in Egypt. Humans are not infected by PPR (Alillo et al., 1998). 
2.3.5.2. Pattern of the disease 
There are considerable differences in the epidemiological pattern of the disease in 
the different ecological systems and geographical areas. In general, milder forms of 
the disease may occur in sheep and immune goat populations. In the humid 
Guinean zone where PPR occurs in an epizootic form, it may have dramatic 
consequences with morbidity of 80%-90% accompanied with mortality between 50 
and 80% (Lefèvre & Diallo, 1990). While in arid and semi-arid regions, PPR is 
seldom fatal but usually occurs as a sub clinical or unapparent infection opening 
the door for other infections such as Pasteurellosis (Lefèvre & Diallo, 1990). A 
high morbidity of 90% accompanied with 70% case fatality was reported from 
Saudi Arabia (Abu Elzein et al., 1990).  
2.3.5.3. Transmission 
Close contact between infected animals in the febrile stage and susceptible animals 
is essential in the transmission of PPR (Braide, 1981), because of the viability of 
the virus outside the living host. Fine infective droplets released into the air from 
these secretions and excretions, particularly when affected animals cough and 
sneeze (Abegunde and Adu, 1977; Bundza et al., 1988; Taylor, 1984). Although 
close contact is the most important way of transmitting the disease, it is suspected 
that infectious materials could also contaminate water and feed troughs and 
bedding, turning them into additional sources of infection. These particular hazards 
are, however, probably fairly short-term since the PPRV, like rinderpest, would not 
be expected to survive for long outside the host. Indirect transmission seems to be 
unlikely in view of the low resistance of the virus in the environment and its 
sensitivity to lipid solvent (Lefèvre & Diallo, 1990). There is no known carrier 
state for PPRV. 
2.3.5.4. Geographical distribution 
Historically the disease is primarily associated with West Africa, known as a fatal disease 
of goats that causes high mortality (Taylor, 1984). The first comprehensive clinical 
description of the disease was by Gargadennec and Lalnne (1942) in Ivory Coast (Coted‘ 
de Ivoire ). Taylor (1984), cited that Curasson (1942) drew attention to outbreaks in 
Senegal in 1871 and in French Guinea in 1927, indicating that PPR may be much more 
historical disease than what has been thought. The geographical distribution of PPR 
found in a belt between the Sahara in the north and the equator in the south, extending 
from Atlantic Oacan to China passing through the Arabian Peninsula, the Middle East 
and South West Asia. Major outbreaks in Turkey and India in recent years have indicated 
a marked rise in the global incidence of PPR (Nanda et al., 1996; Ozkul et al., 2002; 
Shaila et al., 1996).  
The virus was isolated in Nigeria (Taylor & Abegunde, 1979 ), the Sudan (El Hag 
&Taylor, 1984), Saudia Arabia (Abu Elzein et al., 1990), India (Shaila et al., 1989; 
Nanda et al., 1996) and Turkey (FAO, 2000; Ozkul et al., 2002). Serological 
evidences were detected in Syria and Niger and Jordan (Lefevre et al.,1991), while 
the virus presence was confirmed with cDNA probe in Ethiopia (Roeder et al., 
1994) and Eritrea (Sumption et al., 1998). 
In September 1998, Iraq reported officially for the first time an outbreak of peste 
des petits ruminants (PPR) in its northern governorates to the International Office 
of Epizootics (OIE) and the FAO. Likewise, In September 1999, an outbreak of 
PPR in goats in Turkey reported by the Ministry of Agriculture and Rural Affairs, 
Ankara, to the OIE for the first time (FAO, 2000). 
A study designed in Ethiopia (in East Shewa, North Wollo and South Wollo) in 2001 to 
estimate the level of sero- prevalence, and it was found that the sero- positivity levels 
were 13.4%, 4.3% and 0.4% respectively.  Similar incidence in Djibouti and Somalia 
were also reported, (Mohammed, 2001). In January 2005 a confirmed outbreak of  PPR 
in Israel was reported to the FAO (FAO, 2000). It is now endemic in the west and central 
Africa where still lingers on, such that in 2004 there were reports in Guinea, Benin, Côte 
d’Ivoire, Mali, Senegal and Guinea Bissau.  It was also reported from Chad, Eritrea, 
Ethiopia, Ghana, Mauritania, Uganda confirmed an outbreak of PPR among sheep and 
goats in July 2007, as well as China declared the first occurrence of the disease during 
July  2007, among goats with mortality that reached 33.44% at the Tibet area, (OIE, 
2007) (Map1). 
 
Map. 1. Global Geographical Distribution of PPR Lineages   
 
 
2.3.5.5. PPR situation in the Sudan 
El Hag Ali (1973) reported the first outbreak of a rinderpest-like disease among 
sheep and goats in 1971 in three areas in the southern part of Gedarif State near 
Dindir River. He diagnosed the disease as Rinderpest (RP) based on clinical signs. 
Subsequent isolates from an outbreak of a 1972  RP-like disease in Sinnar and 
Meailig in the Sudan were  found antigenically  closely related to the Nigerian 
PPRV The isolates were considered as PPR and termed as SUD 72/ 1(Sinnar) and 
SUD 72/ 2 (Meailig) (El Hag Ali & Talor, 1984). 
Rasheed (1992) isolated PPRV from Darfur state, Awad Elkarim  et al. (1994) 
isolated the virus from  outbreaks of PPR from Elhilalia in Gezira state during 
1989 – 1990. Isolation of  PPRV, from Elfashir in North Darfur, was reported by 
Elsheikh (1992).  Zeidan (1993), isolated PPRV from different areas in Khartoum, 
using immunocapture ELISA technique,  Elamin and Hassan (1998), were able to 
detect PPRV in lymph nodes, ocular and nasal discharges samples of goats.  Intisar 
(2002)  isolated the virus from Azaza area (Gezira state, and El Gitaina area (White 
Nile State), and three areas in Khartoum state (Abu Delaig, Soba & Kuku). She 
also, isolated the virus from sheep samples from Goaz Hammad in Kordofan state, 
and she found the virus in sheep from which was though to be from the disease 
free zone which is Addamer city in River Nile state. In Southern states the virus 
isolates were reported by Osman (2005). 
The detection of antibodies against PPR in Blue Nile, Kordofan, Darfur, 
Khartoum, River Nile, Red Sea and Southern States give clear  indication of the 
wide spread of PPR infection in the Sudan,  ( Faiza, 2001; Intisar, 2002; Osman,  
2005).  
 
 
2.3.5.6. Seasonality of PPR 
Obi (1983) and Wosu, et al. (1992) stated that, though PPR seems to occur 
throughout the year, there is definite indication of seasonality in its natural 
occurrence in Nduaka in Nigeria, the incidence were higher during the dry 
harmattan season than during the rainy season. It appear that the inclement dry, 
cold and dusty weather and the poor nutrition by this time (December – February) 
combine to spread PPR. 
Okoli (2003) reported that, higher incidence of PPR observed in Imo state in 
Nigeria during the dry months of December and January, he correlated disease 
occurrence with monthly means of rainfall, relative humidity and air temperature. 
Since the animals also showed relatively higher incidence of PPR during the same 
dry months, it is probable that the saprophytic organisms in the air passages is 
responsible for the initiation of pneumonia to become pathogenic because of the 
stress of PPR.  Serological data from Nigeria revealed that antibodies occur in all 
age groups from 4-24 months indicating a constant circulation of the virus (Taylor, 
1979). In Oman the disease persisted on a year round basis maintaining itself in the 
susceptible yearling population (Taylor et al., 1990). Therefore, an increase in 
incidence reflects an increase in number of susceptible young goats recruited into 
the flocks rather than seasonal upsurge in the virus activity, since its upsurge 
depends on the peak of kidding seasons (Taylor et al., 1990). Moreover, the 
susceptibility of young animals aged 3 to 18 months proved to be very high, being 
more severely affected than adults or un-weaned animals (Taylor et al., 1990). 
Özkul et al. (2002) mentioned that infection rates in goats and sheep rise with age, 
and the disease, which varies in severity, is rapidly fatal in young animals. 
 Bourdin (1983) observed the seasonality of PPR and found that in the Sahelian 
climate of Senegal, outbreaks of PPR occur mostly during the rainy season.  
In contrast, Butswat et al. (2005) found that the peak incidence observed during the 
late rainy season. Mohammed (2001) analyzed the Ethiopian veterinary services 
records, together with questionnaires outcomes and they indicated that PPR 
occurred in all months of the year with the peak of outbreaks between October and 
March. In the Sudan the outbreaks of PPR stated by Intisar (2002) to increase 
during the cold and rainy seasons, and she attributed the reasons may be the stress 
due to change of weather. Awad El Karim et al.(1994) suggested that, the change 
in the humidity and ambient temperature might have contributed to the 
maintenance of the infection. 
2.3.6. Diagnosis 
2.3.6.1 Clinical diagnosis  
Incubation period is 3-10 days and clinical signs and post-mortem lesions are 
highly suggestive in acute and peracute cases. Subacute cases, however, are 
difficult to diagnose in the absence of frank clinical signs among the other 
members of the flock.  Confirmation is readily achieved by detecting antigens in 
lymph nodes or tonsils collected from newly dead animals (DEFRA, 2005).  
2.3.6.2. Post mortem findings  
The carcass of an affected animal is usually emaciated, the hindquarters are soiled 
with soft/watery faeces and the eyeballs are sunken. The eyes and nose contain 
dried-up discharges. Lips may be swollen; erosive and possibly scabby or nodules 
in late cases. The nasal cavity is congested (reddened) lining with clear or creamy 
yellow exudates and erosions.  
2.3.6.3. Laboratory Diagnosis 
2.3.6.3.1. Virus isolation 
Samples for virus isolation includes heprinized blood, ocular and nasal swabs 
(from live animals), tonsils, mesenteric lymph nodes, spleen, section of colon and 
lung. For successful isolation, samples must be collected during the hyperthermic 
phase, and submitted to the testing laboratory in cold ice Lefevre (1982).  
The most widely used systems of isolation and identification of the virus are cell 
culture systems, embryonated eggs and experimental animals. Out of these the 
most sensitive method is cell culture. PPRV is isolated in primary lamb kidney and 
ovine skin (Laurent, 1968; Taylor and Abegune, 1979; Taylor, 1984). Vero cells 
are widely used, for their continuity and low liability of contamination (Hamdy & 
Dardiri ,1976). Vero cells, derived from African green monkey kidney are 
currently the most widely used cell line for PPRV, and PCR, (Barrett et al., 1993 ; 
Forsyth et al., 1995 ; Couacy-Hymann et al., 2002). 
2.3.6.3.2. Antigen detecting Serology techniques 
2.3.6.3.2.i. Agar Gel Immunodiffusion Test (AGID) 
AGID is a very simple and inexpensive test that can be performed in any laboratory 
and even in the field. It is widely used and can detect 42.6% of anti-mortem 
specimens and necropsy specimens (Obi, 1984; Abraham and Berhan, 2001). It can 
be used to test the presence of both antigen and antibodies and can give results 
within 2 - 4 hours when RP Hyper-immune serum is used, while it needs 4 - 6 
hours with PPR hyper-immune serum (Obi, 1984). 
2.3.6.3.2.ii. Hyper immune serum 
Standard antiserum is made by immunizing sheep with 5 ml of PPR virus with a 
titer of 104 TCID50 (50% tissue culture infective dose) per ml given at weekly 
intervals for 4 weeks. The animals are bled 5-7 days after the last injection. 
Standard RP hyper immune antiserum is also effective in detecting PPR antigen. 
2.3.6.3.2.iii. Counter immunoelectrophoresis 
Counter immunoelectrophoresis (CIEP) is in the same principle as the AGID 
except that the gel is electrically charged to improve the sensitivity of the test. 
A comparison for detecting PPR virus through using the rapid tests agar get 
precipitation test (AGPT) and haemaggutination (HA) test was conducted in the 
Sudan by Nussieba et al. (2007), they found that HA test was more sensitive than 
AGPT for detection of PPR antigen. They also found that HA test can differentiate 
PPRV from RPV.  
2.3.6.3.2.iv. ELISA for antigen detection 
A monoclonal antibody-based sandwich ELISA was found to be highly sensitive in 
detection of antigen in tissues and secretions of infected goats (Saliki et al., 1994). 
Another format of antigen ELISA which is more widely used is immunocapture 
ELISA . It utilizes MAb directed against the nucleocapsid protein (Libeau et al., 
1994). It can give a reliable result within two hours in percolated plates and from 
samples maintained at room temperature for a period of seven days with no more 
than 50% reduction in response (Libeau et al., 1994).  The detecting MAbs used in 
immunocapture ELISA are directed against two non overlapping domain of the N-
protein of PPR and RP, but the capture antibody detects an epitope common to 
both RP and PPR (Libeau et al., 1994).  
2.3.6.4. Differential Diagnosis  
2.1.6.4.1 Rinderpest 
The factor that determines the value of immuno diffusion test is that a Rinderpest 
hyperimmune serum will react with antigens (PPR) virus. However, when the 
disease have occurred in a small ruminant species, it is more likely to have been 
PPR (Baldock et al., 1999). 
 For instance, the presence of a clinical disease in sheep and goats but not in 
contact cattle is more compatible with a diagnosis of PPR than of Rinderpest, 
while a disease in cattle but not in small ruminants is more compatible with a 
diagnosis of rinderpest, (El Hag Ali, 1973; Govindarajan et al., 1997). 
Baldock et al (1999) reported that, in the last decade in a number of African and 
Asian countries, there has been a realization that both PPR and Rinderpest were 
affecting the national livestock industries at the same time.  
DNA probes to the N genes of rinderpest and PPR are available and can be use to 
identify and differentiate between the two viruses (Diallo et al., 1989a). The 
reverse transcription polymerase chain reaction has proved a very powerful tool in 
rinderpest diagnosis and can be use to differentiate rinderpest from PPR (Baldock 
et al., 1999).  
2. 3.6.4.2 Other diseases: 
Other diseases that should be differentiated from PPR, include contagious caprine 
pleuropneumonia, bluetongue, pasteurellosis, contagious ecthyma, foot and mouth 
disease, heartwater, coccidiosis and mineral poisoning and Nairobi sheep disease 
(DEFRA, 2005). 
 
 
 
2.3.7. Economic impact  
In terms of animal health impact, PPR is considered as one of the five most feared 
diseases during transhumance, although there are no estimates of the   cost of the 
disease associated with transhumance. However, some cost estimates have been 
given for a few countries, including Angola where the cost could be as high as 
EUR 8.5 million, in Nigeria, with estimates of over millions annually (Butswat et 
al., 2005), 1.5 million dollars annually (Hamdy et al., 1976). The economic losses 
due to PPR alone in India have been estimated annually to 1,800 millions Indian 
Rupees (39 millions US$) 
(Bandyopadhyay, 2002).  In Pakistan, PPR causes economic losses of Pak Rs. 20.5 
billion annually (Anon. 2002). 
 
2.3.8. Control 
2.1.8.1. Vaccination 
Kids and lambs should be vaccinated at 3-4 months of age by which time maternal 
antibodies would have waned (Radostits et al., 2000).  The thermo stable vero cell- 
adapted rinderpest vaccine (TVRPV) based on attenuated RBOK strain maintain 
minimum required field dose for up to 245 days at 37º C (Mariner et al., 1990), 
had been used for adapted as a heterologus vaccine against PPRV, (Mariner et al., 
1993). The use of chloroform inactivated RPTC vaccine successfully controlled 
pneumonia-enteritis complex (Naduaka and Ihemelandu, 1975). Recently, the use 
of RP vaccine to protect small ruminants against PPR was contradicted because the 
RP antibodies produced were shown to compromise RP serosurveillance (Roeder 
& Obi, 1999). The homologous attenuated vaccine against PPR disease is wildly 
used and produced a solid immunity for 3 years for controlling the disease ( Diallo 
et al. (1989b); Radostits et al., 2000). The vaccine was found to be safe under field 
conditions even for pregnant animals and it induced immunity in 98% of the 
vaccinated animals (Diallo et al., 1995). 
Butswat et al. (2005) suggested that a vaccination programme against PPR at the 
onset of the rains may drastically reduce the incidence of the disease. Mohammed 
(2001) carried out a study in Ethiopia and suggested that the optimum month for 
launching annual vaccination campaign is September due to the peak of kidding 
which is confined to the months of April to August. Since PPR is a transboundary 
disease, eradication campaigns through neighboring countries working in concert 
with one another is a necessary element of international collaboration (Baldock et 
al., 1999).  
2.3.8.2. Treatment 
Valuable sick animals in early stages of the disease should be isolated and given 
hyper immune serum, which may be obtained from cattle hyper immunized against 
Rinderpest (Radostits et al., 2000). Supportive treatment includes fluid therapy for 
dehydration and antibiotics to prevent secondary bacterial infections. Further more, 
Lesions around the eyes, nostrils and mouth should be cleaned and good nursing 
should be provided (Radostits et al., 2000).  
2.3.8.3. Prevention of host exposure to disease agents 
The disease can be prevented, by not introducing new stock from unknown source. 
Thus, animals returned unsold from markets should be segregated unless the entire 
herd or flock has been vaccinated (Radostits et al., 2000). Susceptible hosts can be 
protected by the use of quarantine and livestock movement restrictions to prevent 
animals originating from an area where the disease is known to have occurred, to 
mix with susceptible clean herd; or enter uninfected area. Roeder & Obi (1999) 
recommended quarantine measures (Movement control) with the use of ring 
vaccination techniques in high-risk animal populations, accompanied with, proper 
disposal of carcasses and contact objects. 
2.3.9. Maternal Immunity 
The duration of maternal immunity of the kids from vaccinated dams with PPR 
vaccine, and the influence of pregnancy on this duration were determined by 
Bidjeh et al. (1999). They found the total prevalence of maternal antibodies to 
PPRV to be 88.5% in young kids borne from vaccinated dams, had anti -PPR 
antibodies at 0 to 30 days of age, at age 120 days 61.35 % of the kids showed 
presence of antibodies, 40.5% at age of 150 days, and at age 160 days antibodies 
were detected only from 7.7% of the kids. They also observed that, there was no 
difference in the length of maternal immunity in kids from dams vaccinated 
between 0 to 2 months and those vaccinated at 5 months of pregnancy. Ata et al. 
(1989) reported that eight hours after birth kids acquired high levels of maternal 
immunity ranging between 1:50 and 1:200 per 0.1 ml of serum. These antibodies 
declined at a steady rate with time and at the end of the 12th week of age to a titer 
1:2. However, 45.5% of the kids had antibodies titers of 1:2 at the age of 17th 
weeks.  Rashwan et al. (1996) stated that, maternal immunity lasts up to 8 months 
of age and they recommended vaccination at that age. However, (Bourdin et al. 
1970 ; Taylor, 1979 and  Ata et al., 1989), mentioned that three months of age, 
should be considered a suitable and optimum time for effective immunization of 
small ruminants against PPR.  
Recovery from PPR, develop an active immunity against the disease, and 
antibodies have demonstrated four years after infection, (Durojaiye, 1984). Partial 
protection could be induces with either measles or canine distemper virus, Losos 
(1986). While Gibbs et al. (1979) recorded that the vaccine strain of measles virus 
did not protect against PPR, and canine distemper virus was found to multiply in 
animals immunized with either rinderpest, canine distemper or measles viruses but 
not in animals recovered from PPR.  
Goats vaccinated with Kabete "O" strain of rinderpest virus were protected against 
virulent PPR virus challenge for at least 12 months. Homologous PPR vaccine 
attenuated after 63 passages in vero cell (Diallo et al., 1989b) was used and 
produced a solid immunity for 3 years, it induced immunity in 98% of the 
vaccinated animals (Diallo et al., 1995). 
 
Materials and Methods 
 
3.1. Study Area 
30 localities from 14 states were selected according to predetermined criteria 
which are the diversity in terms of production systems, environmental differences, 
market outlets, dominance of small ruminants, and the disease outbreaks 
occurrence. The states selected were – Northern state (Wadi Halfa localities),  
North Kordofan State (Bara and El Nohoud localities), South  Kordofan State 
(Abyai locality), North Darfur State (El Fashier locality), Khartoum State (Sharq 
El Niel, Khartoum Bahri and Jebel Awlia localities), Blue Nile State (Addamazien 
locality), Sennar State (Sennar and Singa localities), White Nile State (Kosti, 
Rabak, Al Getaina, and Adduaim localities),Gedarif state (Al Galabat, El Rahad, 
Al Faw, EL Fashaga, and AL Gedarif  localities), Kassala state (Kassala and Seteet 
localities),  Northern State (Wadi Halfa locality), Naher El Neil state (Addamer, 
Atbra, El Matamma and Berber localities),  Baher El Gahzal states (Wau and Raja 
localities), Central Equatoria state (Juba locality) (Map 2). 
 
 
 
 
 
 
  
Map.2: The study area 
 
 
 
 
 
 
 
3.2. Data collection; 
3.2.1. Demographic data 
The monthly mean temperature (maximum and minimum) and the mean monthly 
rainfall, for the study area were recorded for the last 8 years (2000- 2007) from the 
Sudanese National Metrological Corporation.  
3.2.2. Digital mapping 
Digitized maps showing monthly PPR outbreaks occurrence, information on small 
ruminant’s density distribution at the level of localities, and livestock markets 
coordinates were taken for further analysis into an ArcView Geographical 
Information System (GIS) environment, (by using ARCGIS, version 9.1, for the 
year 2005, product of the Environmental Systems Research Institute “ESRI”). All 
these variable correlated to the climatic and environmental variables.  
3.2.3. Satellite images.  
The Normalized Digital Vegetation Index (NDVI) is a measure of 
photosynthesizing vegetation and incorporates several other environmental factors 
such as precipitation, humidity, temperatures and rainfall. NDVI  information were 
taken in a decadal interval (average of the 10 days maximum for the years 2000–
2007, NDVI values were produced and made available by MARS FOOD 
Application software from the Joint Research Center (JRC) of the European 
Mission ,2005, at a 1km2 resolution. These values were derived from data from the 
VEGETATION instruments onboard polar orbiting satellite, METROSTAT (the 
European meteorological satellite), after processing the output, using the following 
equation, NDVI= (IR-R) / (IR+R), where IR stands for the infrared band and R 
stands for the visible red band, according to Loveland et al. (1991)  and Groten 
(1993). The display and integration of satellite imagery were facilitated by FAO 
Windisp4 software (http://metart.fao.org). 
The time series satellites images of the average mean monthly rainfall,   of 1Km2 
resolutions for the PPR infected in the Sudan, covering the period 2000 – 2007, 
were extracted from the Cold Cloud Duration (CCD) images from METEOSAT. 
The combination of NDVI and the rainfall, images provides a good, proxy 
indicator of effective rainfall in areas receiving less than 1000 mm rainfall each 
year according to Dugdale and Milford (1986) and Bonifacio et al. (1993).  
2.2.3. Epidemiologic data:  
Data concerning the occurrences of PPR in the Sudan, during the years 2000 to 
2007, were collected from the information and reporting unit, at the Administration 
of Animal Health and Epizootic Disease Control, Federal Ministry of Animal 
Resources and Fisheries, and from the Central Veterinary Research Laboratories 
(CVRL), from the pathology diagnostic and virology departments, Animal 
Resources Research Corporation, Ministry of Science and Technology. 
Data collected by other veterinarians, during previous studies were also found 
useful. The collected data were detailing host species, breed, age, location for each 
case encountered , number of outbreaks, the date of outbreak,  number of  infected 
animals , the population at risk, and the status of the diagnostic method been taken 
to confirm the disease. 
Data concerning herd structure of sheep and goats, and the estimation of small 
ruminant population and its geographical distribution were collected from the 
General Administration of Planning, Ministry of Animal Resources and Fisheries. 
All data collected were managed, organized and analyzed using statistical analysis 
software Statistica version 6.0, 2001, for windows, and Excel of Microsoft version 
2007. 
3.3. Experimental Animals: 
28 female and 2 male goats of local breed were brought from El Mowailih 
livestock market west site of Omdurman. All the animals were bled from the 
jugular vain and sampled for PPR antibody detection they were all treated by a full 
dose of antibiotics and antiparasitic drugs and a prophylactic antibiotics dose. They 
were ear tagged and kept under hygienic and well fed conditions. All the animals 
were vaccinated by using homologous PPR vaccine produced at CVRL (patch no. 
1122 2004). A pregnancy check test for each female was done in a regular way, 
and observation during last stage increased, new borne kids (14 kids) were  
sampled during the first week of life till 8 months started by sampling weekly for 
the first 2 months and then each month till the  age of seven months. 
3.3.1. Methods of vaccination with homologous PPR vaccine: 
One –hundred vials of Homologous vaccine against PPR which is a live vaccine 
cultured in Vero cells were available for the vaccination process. The original 
strain of virus for the homologous vaccine against PPR is strain PPR 75/1, isolated 
in Nigeria in 1975 (Taylor. 1975). The strain provided for vaccine production is the 
70th passage in Vero cell cultures (PPRV 75/1 I.K6 BK2 Vero 70) one dose of 1 
ml was injected to all the goats flock. 
3.3.2. Collection of serum samples:- 
3.3.2.1. Methodology for serum samples Collection; 
 The following criteria were adopted for sampling: 
a) The target population was defined as including goat’s kids less than 
8months old from goat’s dams that had been vaccinated against PPR, 
to get out the time where the kids loose maternal immunity. 
b) Whole blood without anti-coagulant was obtained by vein-puncture of 
the jugular vein in sterile silicon coated vacutainers using hard pack- 
multiple sample needles and 2 ml sterile syringes for bleeding very 
young kids. 
The vacutainers and the syringes containing the blood were kept tilted at 45 degree 
in a rack for overnight at room temperature, or in the refrigerator at + 4 Co. The 
clots were removed, using a Pasteur pipette, the remaining sera were transferred to 
a sterile bijou bottle samples and preserved in deep freezer at - 20 Co. 
3.4. Competitive Enzyme Linked Immunosorbent Assay(C_ELISA) 
       for Detection of Antibody to PPR Virus: 
3.4.1 Reagents used for c-ELISA test: 
Antigen, Control Sera (Bovine), Monoclonal Antibody, Anti-Species Conjugate, 
Coating Buffer, Wash and Blocking Buffer Base, Blocking Detergent, Substrate, 
Chromogen and Reconstitution Diluent’s were the reagents used. (PPR ELISA Kit 
supplied by Biological Diagnostic Supplies Limited (BDSL) UK, was used for 
detection of antibodies to PPR virus in the test sera. 
3.4.1.i. Assay Procedure: 
An aliquot of reconstituted PPRV antigen stock was gently mixed to ensure 
uniform dispersion.  Immediately, a working dilution of PPRV antigen in coating 
buffer in 1:100 volume, for 1 plates, 6ml of coating buffer + 60 µl of antigen stock 
( 6 ml of working dilution per micro plate)  was prepared. The working antigen 
dilution was mixed gently and 50 µl volumes of the working dilution of RPV 
antigen were dispensed into all 96 wells of the flat bottom microplates. The sides 
of the microplates were taped to ensure that the antigen was evenly distributed over 
the bottom of each well. The microplates were covered and placed on an orbital 
plate shaker at +37°C for 1 hour and then incubated for overnight at +4°C. 
The blocking buffer was prepared 100 ml of PBS (0.01 M PBS) + 100 µl of tween 
20 + 300 µl of normal bovine serum (C-control serum) to prepare 100ml blocking 
buffer for 8 plates.  
The microplates were washed 3 times by using the washing buffer. The test sera 
and all 3 control sera (C+ +, C+ and C-) were agitated gently to ensure 
homogeneity. 40 µl volumes of blocking buffer were dispensed to all 96 wells of 
all the microplates. According to the plate layout, 10 µl volumes of pre-diluted test 
and control sera were added to the appropriate wells. 10 µl of blocking buffer were 
added to the monoclonal antibody control (Cm) wells and 60 µl blocking buffer to 
the conjugate control (Cc) wells. A working dilution (1:100) of the monoclonal 
antibody in blocking buffer for all the plates (6 ml of working dilution per plate i.e 
the same portion as for antigen dilution) was prepared immediately. 50ul volumes 
of the working dilution of the monoclonal antibody were added to all wells of the 
microplates except the conjugate control (Cc) wells following the plate layout (A1, 
A2).  The microplates were covered and incubated at +37°C on an orbital plate 
shaker for 1 hour with continuous shaking. 
A working dilution (1:1000) of the conjugate prepared in blocking buffer, for 1 
plate 6µl of conjugate was added to 6 ml blocking buffer, immediately before the 
end of the serum/monoclonal antibody incubation. After one hour of serum 
incubation, the microplates were removed from the incubator and washed. 
Immediately after washing, 50 µl volumes of the working dilution of conjugate 
were added to all 96 wells of the microplates. The sides of the microplates were 
tapped and were covered and incubated for 1 hour at +37°C with continuous 
shaking. 
Before the end of the conjugate incubation, a working dilution of the 
substrate/chromogen solution was prepared, for 1 plate, 6 ml of chromogen stock 
(OPD) solution, 24 µl of substrate stock (H2O2) was added. After 1 hour of 
conjugate incubation, the microplates were washed. 50 µl volumes of the 
substrate/chromogen solution added to each well of the microplate. The plates 
were incubated at room temperature for 10 minutes and 50 µl volumes of the 
stopping solution were added to the wells of the microplates. The microplates were 
read using 492 nm filter and the software ELISA.   
3.5. Mathematical Model for PPR transmission and spreading  
Dynamic simulation models have been used as tools to support spreading and 
transmission of PPR according to Ballas et al. (2005). The SEIRS model, which is 
most appropriate for PPR takes care of the infected (E), this means that the models 
accounts for the latent period of the disease; this model is needed when infected 
individuals (exposed) go through a latent period before being infectious. The latent 
period of PPR is about 3 to 4 days, and this information has been translated in an 
appropriate model.  
SEIRS model postulates long-lasting immunity after infection since there is no 
transition from the recovered to the susceptible. Where SEIR model 
 
 
  
 
Fig. 1 Flow diagram of the transmission dynamics of a PPR epidemic within 
susceptible hosts 
 
3.5.1. Mathematical Model without Vaccination  
3.5.1.i. Model Formulation: 
To construct the model we used the Sudanese small ruminants herd structure (the 
sources (MARF), and we  split the population into six sub-groups Susceptible with 
age less than 4 months and temporally immunity M , Susceptible with age less than 
4 months but without temporally immunity 1S , Susceptible with age greater than 4 
months 2S , Exposed E , Infected I , and Recovered (Immune) R . Now we can 
construct the model as follows: 
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 With: 
             1 2N M S S E I R= + + + + + = the total population size. 
       Where: 
       Parameter Description 
1Π  Recruitment rate for M  Sub-group  
2Π  Recruitment rate for 1S  Sub-group  
1β  The rate of entering 1S  sub-group from M  sub-group 
2β  The rate of entering 2S  sub-group from 1S  sub-group 
1λ  The rate of infection for 1S  sub-group 
2λ  The rate of infection for 2S  sub-group 
µ  Natural mortality rate 
δ  Disease mortality rate  
γ  The rate of developing symptoms  
σ  Recovery rate 
 
 
 
 
3.5.2. Mathematical Model when vaccine used  
3.5.2.i. Model Formulation: 
When PPR vaccine applied to a small ruminant flock, the model constructed as follows: 
( )
( )
( )
( )
( )
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1
2 1 1 1 1 2 1
2
1 1 2 2 2 2
1 1 2 2
1 1 2 2
dM M
dt
dS M S I S
dt
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dt
dE S I S I E
dt
dI E I
dt
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dt
dV S S V
dt
β µ
β λ α β µ
β λ α µ
λ λ γ µ
γ δ σ µ
σ µ
α α µ
= Π − +
= Π + − − + +
= − − +
= + − +
= − + +
= −
= + −
 
          
 With: 
                 1 2N M S S E I R V= + + + + + + = the total population size. 
We have the same set of parameters with 1α as the vaccination rate of 1S sup-group, 
and 2α as the vaccination rate of 2S sup-group. 
 
 
 
 
 
Results 
4.1. Geographical distribution of cumulative PPR outbreaks for the period 
2000- 2007 
The disease reported from different areas in the Sudan, were mapped and 
compared with the estimation of the population density of small ruminants in 
localities ( Map3&4). 
During this study, the highest percentage of the outbreaks were found in Eastern 
Sudan, Kassla and Gedarif States together showed 42.28 % of the outbreaks, while 
16.78 %  found in Khartoum state and 13.42 % reported from Naher El Niel state.   
No report showing the present of the disease were found in the Red Sea and West 
and South Darfour States  and all South Sudan states with exception of West Baher 
El Ghzal and Baher El Jebl states,  although the disease was reported in most of 
these states in the previous studies.  
 
 
 
 
 
 
Map.3:  PPR outbreaks  
         
 
 
  
 
 
 
 
 
                               
        Map.4: Small Ruminant total population 
 
 
 
 
 
 
 
 
4.2. Epidemiological data results 
The disease situation in the Sudan during the last 8 years, shown from the collected 
data from different authorizing bodies; Federal Ministry of Animal Resources and  
Fisheries and the Central Veterinary Research laboratories, beside previous work 
done by other colleagues. The result is revealed in table 1. 
Table. 1  PPR situation in the Sudan during period 2000- 2007 
     
Location No. of 
Outbreaks (%) 
Morbidity 
Rate (%) 
Mortality 
Rate (%) 
Herd at risk 
Kassla &Gedarif 64 (43 %) 20386 (48.3%) 11865 (45.1%) 78599(40.4%)
Khartoum 26 (17.2%) 10827 (25.7%) 7604 (28.9%) 40191(20.6%)
River Nile State 22 (14.8 %) 6054 (14.8%) 4847 (18.4%) 60500(31.1%)
Other states 29(19.5 %) 4904(11.6%) 1964(7.5%) 15410 (7.9%) 
Total 149 (100%) 42834 (22%) 27258 (14%) 194700 
 
 
 
 
 
 
4.3. Climatic effect on the disease 
Although Sudan lies within the tropics, the climate ranges from arid in the north to 
tropical wet-and-dry in the far southwest. Temperatures do not vary greatly with 
the season at any location, but there is a significant difference between seasons  
            Fig.2 Average monthly climatic variables in the Sudan  
 
By correlating the number the disease outbreaks for the period (2000- 2007), with 
the mean monthly temperature for the same period, the result was found to be 
significant, as p=0.00021. 
The most significant climatic variables found, are rainfall and the length of the dry 
season which is reflected by the vegetation coverage. The relation between the 
outbreaks with the vegetation cover of the grassing pasture between 2000 - 2007 
was significant, p= .0001. 
Most of the outbreaks were found to be concentrated in the poor vegetation, in all 
the infected areas (Fig 3). 
Fig. 3   PPR outbreaks in different vegetation cover in  
The Sudan during 2000- 2007 
 
  
 
 
PPR outbreaks occurrence was noticed to increase  during the period between  
December to April, and reached the peak in March. This period is representing  
winter to early summer (worm winter and hot summer in Sudan), and it comes 
down for the rest of the year (Fig 4). 
Fig.4    PPR commulitive outbreaks in months in 
The Sudan during 2000 – 2007 
 
 
When correlating the time series  of the average  mean of the monthly rainfall in 
the Sudan, with the number of the outbraks that occurred, the morbidity rate among 
small ruminants,  and the motality rate during the outbreaks  at the priod 2000 – 
2007,  there were negative significant relation . p=0.001, as the outbreaks were 
found to increase when the rainfall decreases (Fig.5), 67.8% of the outbreaks were 
found during the dry seasons, while 16.8 % were occurred when the rainfall was 
less than 100 mm, when the rainfall is between 100 mm to 200 mm there were 
8.1% of the outbreaks and only 7.4% of the outbreaks found when the average 
mean of rainall was more than 200 mm and less than 300 ml. 
The correlation of the rainfall and the morbidity and mortality rates due to the 
disease were found to be strong as  showon in Fig.6 and Fig.7. 
 
 
 
 
 
 
 
 
Fig.5  The Number of PPR outbreaks in correlation with                   
the average monthly rainfall in the Sudan 
 
 
 
 
 
 
 
 
 
Fig. 6  The plot of PPR morbidity rate and  
the average monthly mean rainfall during 2000 – 2007 
 
Fig. 7 PPR mortality rate correlated to  
the monthly average mean rainfall during 2000 - 2007 
 
4.4. Maternal immunity 
The total prevalence of maternal antibodies to PPRV from kids (14 kids) born from 
vaccinated dams, were detected in different ages, from one month up to six 
months. The level of antibodies stabled up to the third month was detected from 
the first month then decreased gradually till it became traces in the fifth and sixth 
months table 2. 
Table 2  Prevalence of PPR Maternal Immunity 
Among Kids less than 8 moths of age 
Age groups % of kids showing 
antibodies 
Day 7 (95 %) 
One month  (100%) 
Two months  (78%) 
Three months  (62.4%) 
Four months  (32.6%) 
Five months  (8%) 
Six months  (1.3%) 
   
 
  
4.5. Mathematical Model 
4.5.1. Mathematical Model without Vaccination 
4.5.1. i. Model Analysis  
According to  Hethcote (2000), we can calculate the small reproduction number 0ℜ  
by conducting the following equation: 
              
( ) ( )( )( )
( )( )( )( )
2 2 2 1 1 1 2 2 2 1 2
0
1 2
2γ µ β λ λ µ β λ µ β λ
µ β µ β µ γ µ δ σ µ
Π + + Π + Π +Πℜ = + + + + +  
The conditions for disease elimination is 0 1ℜ < , so from this we can reduce the 
above formula to be less than one, then we can eliminate the disease. 
 
 
 
 
 
 
 
 
 
 
 
4.4.1.ii. Simulation Results: 
Using values of parameters estimated from field data, and with using the matlab7 
software, we have the following simulation results:  
Fig.8 The spreading of the disease within a naïve herd 
 
 
 
 
 
 
 
 
 
 
 
One can notice, when one infected individual introduced into a population of 
susceptible, the number of infected individuals is increasing with time, and after 20 
days the disease become endemic in the area.  
 
 
4.4.2. Mathematical Model when using Vaccine  
4.4.2. i. Model Analysis  
Here we found that: 
             
( ) ( ) ( )( )( )
( )( )( )( )( )
2 2 1 2 2 1 1 1 2 2 2 2 1 2
2 1 1 2
2
v
γ µ α λ β λ λ µ β λ α µ β λ
α µ β µ α β µ γ µ δ σ µ
Π + + + + Π + Π +Πℜ = + + + + + + +
 
 Here it is very clear that 0vℜ <ℜ , and hence introducing vaccination in a regular 
way through covering at least 70% of the herd, which should include all female 
goats during pregnancy and the young kids in age of 3 – 4 months in the first year 
and annually only the kids in age of 3 – 4 months, will help in eradicating the 
disease in small ruminants. 
 
 
 
 
 
 
 
 
4.3.2. ii. Simulation Results: 
 Fig.9. Chart showing the spread of the disease within vaccinated herd 
 
 
 
 
 
 
 
 
 
 
 In this case, when introducing one infected individual into a population of 
susceptible, beside introduction of vaccine which is 98% effective and if 30% of 1S  
sub-group and 40% of 2S sub-group have been vaccinated, the number of infected 
individuals is decreases with time, until after about 30 days the disease will dye 
out. 
5.1. Discussion 
In this study new techniques were used, for better understanding of   Peste des 
Petits Ruminant (PPR) status in Sudan. After the decision taken in 1998, by the 
Global Rinderpest Eradication Programme (GREP/ FAO), of ceasing the usage of 
RP vaccine, in small ruminant, PPR occurrence emerged to be one of the major 
problem in small ruminants during the last 8 years.  
By applying Geographic Information System technique and using the satellite 
images for the environmental variables; temperature, rainfall and the vegetation 
cover and analyzing it with the  PPR outbreaks occurred during the last 8 years  
(2000 – 2007) in the Sudan, results revealed that:  the disease is present around the 
year but, most of the outbreaks tend to happen in the poor grassing areas  during 
December to April which represents winter and early summer, where the weather 
is dry with the presence of  dusty wind. These results were very clear  when 
correlating the rainfall and the outbreaks occurrence using the linear correlation  it 
gives negative  significant correlation, r = - .851,  p=0.001, that is to say the 
disease present around the year, reaches the peak when the rainfall decrease. This 
finding agreed with what Obi (1983), and Wosu, et al. (1992), observed and what 
Okoli  (2003) reported from their  studies in West Africa, which may be due to the 
saprophytic organisms in the air passages responsible for the initiation of 
pneumonia became pathogenic because of the stress of PPR , that  also being 
mentioned by Seifert (1996); Al Tarazi and Daghall (1997) . 
The possibility of the presence of more susceptible kids is not the only reason for 
increasing the incidence of the disease, as was mentioned by Taylor et al. (1990) 
who stated that the increase in incidence reflects an increase in number of 
susceptible young goats, recruited into the flocks rather than seasonal upsurge in 
the virus activity. As has been observed in this study the disease outbreaks were 
not found, in the highly populated areas with small ruminants.  
The results of this study did not agree, neither with Intisar (2002), and Awad El 
Karim et al. (1994) in their studies on PPR in Sudan, nor with Butswat et al. 
(2005) who studied the seasonality of PPR in Nigeria, as they mentioned that the 
disease outbreaks increases during the cold and rainy seasons and attributed that to 
the stress factors related to the change of the weather and the change in the 
humidity and ambient temperature. These environmental factors might have 
contributed to the maintenance of the infection.  
The different results compared to Intisar (2002), and Awad El Karim, et al.(1994) 
studies, might have been due to; a short time studies of the disease incidence that 
have been taken by both of them (2000 to 2002 for Intisar, and One year for Awad 
El Karim).  For the studies in West Africa the difference in environmental 
conditions between Nigeria and Sudan, may play a role on that different, as the 
humidity and precipitation is high in south Nigeria where the study took place, 
comparing to Sudan.  
During the study period (2000 – 2007), the disease was reported mainly from 
eastern Sudan; Kassala and Gedarif Satates reported 42.28% of the total outbreaks 
while Khartoum and Naher El Neil states reported 16.78%, and 13.42% of the 
disease outbreaks respectively. There were no reports from Red Sea, West and 
south Darfour, and all south Sudan states with exception of West Baher El Ghzal 
and Central Equatoria states, although the disease reported by the pervious studies 
( Faiza, 2001).  
The mathematical models showed that a significant difference and a very clear 
benefit appeared when an infected animal inter a susceptible flock before and after 
vaccination. When the flock is highly susceptible due to the absence of the vaccine, 
the number of infected individuals is increasing with time, and could infect up to 
90% of the flock and after 20 days the disease will be endemic in that area and 
when the infection persists,  it covers 68% to 70% of the herd. By using the 
vaccine the numbers of the infected animals become limited and the transmission 
and spreading of the disease could hardly reches 2 animals in the highest level, at 
this stage the curve comes down and the disease dies out after 30 days.  
The optimal time during the year, for vaccinating small ruminant herd in Sudan is 
during September to November where the disease is in the lowest level and will 
flair up during December to April. The best age to start vaccinating kids and lambs 
in Sudanese goats and sheep breeds is the age of 3- 4 months.  A clear decline of 
maternal immunity in blood serum, of kids from both naturally infected dams and 
vaccinated dams is agreed with what (Bourdin et al. (1970) ; Taylor  (1979) and  
Ata et al. 1989) mentioned in their studies although these authors used anti 
rinderpest vaccine for immunizing the pregnant goats.  It is also agreed with what 
Bidjeh et al. (1999), found in their study after using anti PPR vaccine. 
 
 
 
 
 
 
 
5.2.   Conclusions and Recommendations: 
• In order to correlate the missing information and fill the gaps in disease 
information, it is first necessary to enhance the collection of information and 
develop an efficient reporting system and improve communication functions and 
tools including the application of remote sensing systems, GIS and spatial models. 
• Explanatory modeling can therefore, help interpret the observed 
epidemiological trends, guide the collection of data towards further understanding 
and design programmes for the control of infectious diseases. 
• Simple deterministic models can help us gain insight knowledge into the 
factors controlling the persistence and stability of transmitted viral and bacterial 
infections within large livestock population, and predict the spread of infectious 
diseases.  
• Dynamic simulation models of infectious disease provides an important 
experimental environment for evaluating and quantifying the effects of changes in 
disease transmission probabilities as well as environmental and social parameters 
on space-time disease outcomes. 
• The critical gaps in epidemiological information can be overcome to include 
the dynamic Trans- boundary Animal Diseases. 
• Encouragement further studies and research using GIS techniques and RS 
tools which would be useful if applied in the future by using better satellite images 
(high resolution) for better understanding of infectious diseases. 
• Establishment of planning units and strengthens of organized information 
systems in the veterinary research is essential for development of livestock 
resources in the Sudan. 
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